Abstract. Measurements of the temperature dependence of the circular dichroism spectra of l-stercobilin and d-urobilin show that the conformations of these optically-active urobilinoids change with temperature between 163 and 2970K. These conformational changes depend critically on the hydrogen bonding characteristics of the solvent. Thus, in methanol-glycerol (9:1), the chiral sense of the helical conformation of the dipyrrylmethene chromophore is reversed on lowering the temperature, whereas in chloroform, reversal does not occur.
ported more extensive ORD measurements on 1 and 2. Their interpretation of the data emphasized the importance of internal hydrogen (H) bonding, of the type depicted in Fig. 1 , which can constrain the dipyrrylmethene chromophore to twisted (helical) conformations of a single chiral sense. The chiral dipyrrylmethene chromophore so generated falls into the class of inherently dissymmetric chromophores,5 and the extremely large rotations observed in the vicinity of the 490 nm absorption,3 4 are typical for this class of chromophores.5 Con bonding must first be disrupted. That such disruption should be favored by lowering the temperature is at first surprising, for thermal agitation should be less effective in promoting hydrogen bond breaking. This apparent paradox can be resolved as follows. It is known that at room temperature methanol molecules can successfully compete for the H bonding sites in 1 and 2, and thereby disrupt the intramolecular hydrogen bonds.4 This leads to an equilibrium population of conformers consisting of coiled and uncoiled (or at least more open) forms. In the uncoiled conformations, the dipyrrylmethene chromophore is not constrained to dissymmetric geometries of a single chirality, and chiralities of both senses may occur. Indeed, in the absence of a dissymmetric environment, for a given twisted conformation, both chiral senses would be present in equal amounts, leading to a net zero optical activity. However, in molecules 1 and 2, the dipyrrylmethene chromophore does reside in a dissymmetric molecular environment, provided by the asymmetric centers at 2' and 7'. As a consequence there is a net excess of forms of one handedness over the other. At room temperature the population excess is small, and there is very little net optical activity accruing from the unfolded forms. However, as the temperature is lowered, the population difference increases, and at very low temperatures it becomes sufficiently large that a significant optical activity is evinced by the uncoiled forms. In addition, the H bonding to methanol or glycerol is most probably greater at lower tempera-tures,7 and this will drive the equilibrium toward more unfolded forms and enhance the effect.
Thus, upon lowering the temperature, one expects to see first a decrease in the area under the CD curve, associated with a decrease in the populations of intramolecularly H bonded molecules (Figs. 1, 3, and 4) , followed by the appearance and growth of a CD curve of opposite sign associated with the growth in population of a new conformation for the dipyrrylmethene chromophore with opposite chirality.
A complete reversibility of the temperature-dependent CD behavior is also observed upon warming from 1630K to room temperature. This finding reemphasizes the importance of internal H bonding (Figs. 1, 3, and 4) at room temperature. Were it not for this structural feature, the rotational strengths observed for 1 and 2 would be extremely small except at very low temperatures, e.g., 1630K. Moreover, upon a closer scrutiny of the CD curves of 1 and 2 in Figs. 5 and 6, the larger rotational strength at 1630K found for 1 suggests that internal H bonds are disrupted more easily in 1 than in 2. This finding correlates well with the earlier discovery4 that a smaller molar ratio of trichloroacetic acid (an internal hydrogen-bond disrupter) is necessary for 1 than for 2 in order to achieve the same decrease in magnitude of the Cotton effect.
The precise structures of the optically active conformers at low temperatures cannot be deduced from the CD data. It is moot whether there are cisoid structures equivalent to 1 and 2, but with opposite dipyrrylmethene chirality, that are not H bonded. However, such cisoid geometries are suggested by the electron spin resonance measurements of Moscowitz and Nordstrom (unpublished data) on dipyrrylmethene radical ions that are not optically active. Their measurements indicate that simple dipyrrylmethenes in solution prefer the cisoid conformation of Fig. 1 with rings tilted from coplanarity by about 45°.
Retention of internal hydrogen bonding at low temperatures: The CD behavior of 1 and 2 (Figs. 5 and 6) depends critically upon the solvent. Thus, H bonding solvents such as methanol-glycerol facilitate the disruption of internal hydrogen bonding (Figs. 1 and 3 ) and, in our hypothesis, present a mechanism whereby structures such as 1 and 2 are "drained off" at low temperatures into structures of opposite dipyrrylmethene chirality. It follows, therefore, that in solvents that do not interfere with internal H bonding, no sign inversion in the Cotton effect is to be anticipated. The correctness of this surmise is borne out by the CD measurements on 1 and 2 in chloroform (Figs. 7 and 8) in which no sign change in the Cotton effect occurs between room temperature and 2080K.
In fact, the rotational strengths increase slightly in each case. Consequently, we conclude that the H bonding of Fig. 1 , and the chirality of the dipyrrylmethene chromophore in 1 and 2, are maintained in chloroform even at temperatures in which sign changes in the Cotton effect were already evident in methanol-glycerol. We attempted to investigate other halogenated solvents, e.g. CH2Cl2, at lower temperatures, but these seemed to react irreversibly with the substrates and introduced new, even longer wavelength, CD maxima. Summary and Conclusions. In H bonding solvents, such as methanolglycerol, which can interfere with intramolecular H bonding, the conformations of 1 and 2 are altered at low temperatures and the dipyrrylmethene chromophores assume opposite chiralities from those observed at room temperature. In solvents which do not interfere, such as chloroform, the conformations of 1 and 2 are maintained at low temperatures. The solvent-and temperature-dependent conformational mobility revealed among various helical and unfolded forms of 1 and 2 may conceivably play a role in urobilinoid biochemistry, particularly that involved in the development of the stereochemistry at centers 2' and 7'.
